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Syo Kurokawa* : Results of isolation and culture 
of lichen fungi and algae** 

HUM 31*: 

T -> X'Mtcr. • nM,** 

Lichen fungi and algae have long been considered to be cultured only 
with extreme difficulty. Recently, however, V. Ahmadjian (1967) summa¬ 
rized the results of his studies on isolation and culture of lichen fungi and 
algae, establishing isolation techniques of fungal and algal components of 
lichens. His studies have brought together a great deal of knowledge on 
physiology of the fungal and algal components of lichens. His studies also 
indicate that we will be able to make great progress in understanding or 
even controlling lichen symbiosis in the near future. 

Some botanists believe that lichens should be considered a separate 
plant group, whereas some others consider that lichens should be classified 
under Fungi. In order to decide whether lichens are a separate group or 
not, the study of lichen symbiosis may yield some important facts and sug¬ 
gestions us concerning the association of fungi and algae. It also may give 
us helpful suggestions relating to the differentiation or evolution of lichens. 

With these points in mind, I started to study the isolation of fungi and 
algae from various lichens, re-establishment of lichen association, chemical 
products of fungal and algal components, etc., in cooperation with Dr. S. 
Shibata of the Department of Pharmaceutical Sciences, University of Tokyo. 
Experiments have been carried out mainly by Mr. T. Komiya, a graduate 
student in this Department. 

Algal cells were taken from fragments of lichen thalli by using a mi¬ 
cromanipulator and transferred onto modified Bristol’s medium, Detmer’s 
medium, or Bold’s medium. The cultures were incubated at 20°C under 
illumination with an incandescent light (1.000-2.000 lux). Isolation of fungal 
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components were made from spores taken from apothecia onto various agar 
media in Petri dishes or test tubes. Agar media used here were dried 
yeast medium, soil extract agar medium, or Kaufman’s modified malt extract 
medium. The fungal components have been cultured with some difficulty 
in some Japanese lichens such as species of Anaptychia, Collema, Lobaria , 
and Peltigera, while the algal components have been isolated and cultured 
without difficulty. In Ramalina crassa (Nyl.) Mot., both algal and fungal 
components have been isolated without difficulty and have been growing 
well. Therefore, this is the species mainly used in the experiments men¬ 
tioned below. 

We have been getting a number of interesting results through culture 
studies of algal and fungal components of Ramalina crassa. One of them 
is the lichen association reestablishment with isolated fungi and algae. Both 
algal cells and ascospores of R. crassa were cultured on an agar medium. 
Two or three months after incubation, a small colony composed of both 
fungal hyphae and algal cells was formed. In the colony, algal cells were 
scattered randomly among hyphae. After four or five months, algal cells 
were found mainly near the middle of a hyphal layer and a thin layer 
mainly composed of algal cells was observed. After seven month, the 
colony was composed of three layers; an outer layer composed of more or 
less densely interwoven hyphae, a central layer mainly of algal cells, and 
an inner layer of loosely interwoven hyphae. Even though the colony did 
not form any erect or ascending thalli, the inner structure resembled very 
much that of the thallus of R. crassa in nature; the outer layer corresponds 
to the cortex of the lichen thalli, the central layer to the gonidial layer, 
and the inner layer to the medulla. 

Another interesting problem is the comparison of chemical products of 
lichens and their separate fungal and algal components. In 1949, Castle 
and Kubsch reported the production of usnic, didymic, and rhodocladonic 
acids by a fungus isolated from Cladonia cristatella Tuck. However, Ahma- 
djian (1964) and most other lichenologists denied the results obtained by 
Castle and Kubsch. In our study, comparison of chemical products of 
Ramalina crassa and its algal and fungal components was made by using 
thin layer chromatographic methods. The chromatograms were developed 
with a mixture of acetone and benzene (1: 4). The results are shown in 
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fig. 1. It is interesting that 
both usnic and salacinic acids 
have been demonstrated on chro¬ 
matograms of acetone extracts 
of R. crassa as well as its fungal 
component (Komiya and Shibata 
1969). These substances, how¬ 
ever, were never demonstrated 
in the algal component. Most 
other substances demonstrated 
in the fungal component are also 
identical with those in R. crassa, 
though some of them have not 
yet been identified with any 
known substances. Furthermore, 
substances produced by the 
lichen, except for an unknown 
sterol, were never demonstrated 
on chromatograms of acetone 
extract of the algal component. 

When the culture of the fungal 
component is maintained at 10°C, usnic and salacinic acids are produced by 
the fungus, as mentioned above. However, only usnic acid (no salacinic 
acid) was produced by the fungus when the culture was incubated at 25°C. 

Comparison of chemical products of Caloplaca aurantiaca (Lightf.) Th. 
Fr. and its fungal component was also made. C. aurantiaca produces parie- 
tin, emosin, and an unknown anthraquinone in nature. With the thin layer 
chromatographic methods, these three substances were also demonstrated in 
acetone extract of the fungal component cultured on malt extract agar 
medium. 

When lichen thalli of Ramalina crassa are kept under air containing 
C0 2 labeled by C 14 under illumination, the C0 2 absorbed by the lichen thalli 
can be traced by its radioactivity. Sections of the thallus were pasted on 
glass slides and covered with a photo film. After removing it from the 
slides, the film was developed. Then, blackened silver grains were found 
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Fig. 1. Results of thin layer chromatographic 
tests on the acetone extracts of Ramalina 
crassa (L) and its fungal (F) and algal (A) 
components, ch: chlorophyll, si: salacinic 
acid, st: sterol, us: usnic acid. 
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Fig. 2. CO 2 absorption by the algal layer and the medulla in Ramalina crassa. 

at certain places on the film where it had been exposed to radioactivity of 
C0 2 labeled by C u . Thus the distribution of absorbed atmospheric C0 2 in 
these lichen thalli is represented by the distribution of blackened silver 
grains on the film. When the thalli of R. crassa are kept for 10 minutes, 
C0 2 labeled by C 14 is located mainly in the algal layer. Kept for 40 minutes, 
■C0 2 is distributed in the algal layer, but hyphae surrounding algal cells 
also show radioactivity. Kept for 1 hour, C0 2 is distributed in the algal 
layer as well as in the medulla (composed of fungal hyphae). The rela¬ 
tionships between C0 2 absorption and time period are shown in fig. 2, 
where C0 2 absorption is represented by numbers of blackened silver grains 
counted. The results of these experiments show that atmospheric C0 2 is 
absorbed by lichen algae quite rapidly (in 10 minutes), and C0 2 absorbed 
by algal cells is gradually transferred to fungal hyphae. 

Comparison of sugar alcohol contained in Ramalina crassa and its fungal 
and algal components has also been made. R. crassa as well as the fungus 
and the alga isolated from it were extracted with 80% ethyl alcohol. The 
ethyl alcohol extracts were washed by ether in order to remove chlorophyll 
and fats, and then amino acids were removed by ion exchange resign. Thus 
the so-called “monosaccharide fraction” was obtained, but it contained mainly 
sugar alcohol. The fraction was dissolved in a mixture of ethyl acetate 
and trifiuoro-acetic anhydride, following the trifluoroacetylation methods. 
Then, gas chromatographic testings were made. The fraction of R. crassa 
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Fig. 3. Results of gas chromatographic tests on the ethyl alcohol extracts of Ramalina 
crassa (L) and its fungal (F) and algal (A) components, a: arabitol. m: mannitol, 
r: ribitol. 


yielded ribitol (18.1%), arabitol (74.0%), and mannitol (5.1%), while the 
fraction of the alga yielded only ribitol (99.2%) and that of the fungus- 
yielded arabitol (40.8%) and mannitol (33.%) (fig. 3). 

Judging from the results of the experiments mentioned above, the lichen 
alga absorbs atmospheric C0 2 by carbon assimilation to form mainly ribitol. 
Then ribitol is gradually transferred to fungal hyphae in the lichen thalli. 
Lichen fungi may store carbohydrates transferred from algal cells as ara¬ 
bitol and mannitol. They also produce various lichen substances such as- 
depsides, depsidones, anthraquinones, etc., as synthetic products of arabitol 
and mannitol. 
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